Objectives-Rapidly escalating rates of heroin and prescription opioid use have been widely observed in rural areas across the United States. Although US Food and Drug Administrationapproved medications for opioid use disorders exist, they are not routinely accessible to patients. One medication, buprenorphine, can be prescribed by waivered physicians in office-based practice settings, but practice patterns vary widely. This study explored the use of a learning collaborative method to improve the provision of buprenorphine in the state of Vermont.
Results-Physician engagement in the learning collaborative was favorable across all 4 cohorts (85.7%). On 6 of the 7 quality-improvement measures, there were improvements from baseline to 8 months. On 4 measures, these improvements were statistically significant (P < 0.001). Importantly, practice variation decreased over time on all measures. The number of patients receiving medication increased only slightly (3.4%).
Conclusions-Results support the effectiveness of a learning collaborative approach to engage physicians, modestly improve patient access, and significantly reduce practice variation. The strategy is potentially generalizable to other systems and regions struggling with this important public health problem.
Keywords
buprenorphine; learning collaborative; opioid use disorders; quality improvement By current estimates, 1.9% of the US population engaged in nonmedical use of prescription opioids in the past year, whereas 335,000 people used heroin (Substance Abuse and Mental Health Services Administration, 2013). The chronic misuse of prescription opioids has increased by nearly 75% over the past decade, resulting in escalating rates of fatal overdoses and increased rates of admission to addiction treatment for opioid use disorders (Jones, 2012; Paulozzi et al., 2011) . The current rise in opioid use problems includes a shift from more urban to rural areas (Cicero et al., 2014) .In addition, the pathway from prescription opioids to heroin has become typical, and often results in intravenous (IV) routes of administration. Government officials have referred to the increase in prescription drug abuse as an "epidemic," and identified increasing treatment access as one important strategy to meet this challenge (Office of National Drug Control Policy, 2011).
There are, at present, three US Food and Drug Administration (FDA)-approved medications for the management of opioid use disorders: methadone, buprenorphine, and naltrexone. Buprenorphine is a partial agonist with a very high binding affinity at the mu opioid receptor (Cowan, 2007) . This allows buprenorphine to both prevent opioid withdrawal and block the euphoria associated with opioid use. In a recent meta-analysis, buprenorphine was shown to be effective for reducing opioid use and increasing treatment retention (Mattick et al., 2008) .
Because buprenorphine can be prescribed by physicians in office-based prescribing programs and is not subject to the regulatory constraints of methadone, the availability of buprenorphine improves access to care for opioid-dependent patients (Arfken et al., 2010 ). Yet, despite its potential, buprenorphine is an underutilized treatment in primary care and in specialty addiction treatment settings, especially in rural areas (Knudsen et al., 2006 (Knudsen et al., , 2007 . Physicians cite a number of barriers to the adoption of buprenorphine treatment such as a lack of expertise in treating addiction and concerns about the logistics of treating opioiddependent patients (Walley et al., 2008; Barry et al., 2009) . Increased familiarity with the provision of buprenorphine has been found to reduce perceived barriers and increase its prescription (Netherland et al., 2009 (Netherland et al., ). 2008 Stein et al., 2012) . Learning collaboratives are an established strategy for reducing practice variation, caring for complex patients, and implementing guidelines (Institute for Healthcare Improvement, 2003) . The methodology of learning collaboratives consist of 3 main components: didactic or expert presentation on aspects of the topic including researchbased evidence and practice guidelines; practice-based learning via case discussion; and the collection of common data measures across providers and/or practices. Participants frequently include individual physicians, multidisciplinary teams and/or other healthcare professionals, and typically involve some mix of face-to-face and video or teleconference encounters over an 18-month time-frame (Institute for Healthcare Improvement, 2003) . Learning collaboratives blend research and practice-based mechanisms for producing quality improvement (QI) in healthcare (Mold and Peterson, 2005; Becker et al., 2011; Vannoy et al., 2011) . As an implementation strategy, learning collaboratives are well suited to implement not only simple procedures (eg, a new medication) but complex interventions (Clarke, 2013) . Complex interventions are common in health care, and often involve systems and multidisciplinary teams including the physician and other practice staff, such as nurses and behavioral health clinicians. A systematic review of learning collaboratives found that the evidence supporting their effectiveness was positive (Schouten et al., 2008; Hulscher et al., 2013) . The value of learning collaboratives includes the benefits of gaining systematic knowledge, integrated with sharing practice-based experience, and having common data to guide and structure the conversation among participants (Clarke, 2013) . Although learning collaboratives are being deployed in mental health contexts to implement psychiatric services (Becker et al., 2014) , they have not been systematically used to enhance the implementation and dissemination of evidence-based addiction treatments or medications (McGovern et al., 2007) . One well known approach to process improvement and implementation in addiction treatment, the Network for Improvement in Addiction Treatment (NIATx), utilizes some aspects of learning collaboratives. However, NIATx has additional components such as "walk-thru" to obtain insight into the patient perspective, clinic-level coaching in a content area and in-process improvement tactics (eg, developing Plan-Do-Study-Act [PDSA] cycles), and "interest circle" phone calls among subgroups of the project participants (Gustafson et al., 2013) . Most notably, NIATx has been used to implement relatively simple practice changes, such as reduce wait time and improve show rates, rather than complex addiction treatment practices. Therefore, the effectiveness of learning collaboratives on complex practice changes in addiction treatment has still been relatively unexamined.
The program described in this article innovatively uses the learning collaborative strategy to improve the provision of buprenorphine throughout the state of Vermont. The rise of opioid use problems in Vermont received national attention in 2014 as the major focus of the Governor's annual state-of-the-state address. To address this issue, Vermont sought to expand and improve buprenorphine treatment for individuals with opioid use disorders, in part, by using a learning collaborative approach. In this learning collaborative, we examined physician engagement and change in buprenorphine practice. We hypothesized that the learning collaborative strategy would increase the number of patients prescribed buprenorphine and improve the quality of buprenorphine practice.
Methods

Participants
We recruited office-based opioid treatment (OBOT) practices serving medication-assisted treatment (MAT) patients in Vermont and formed 4 regional cohorts of 5 to 10 practices each. The total sample consisted of 28 physician practices. There were 7 practices in the Northwest region, 10 in the Northeast/Central region, 6 in the Southeast region, and 5 in the Southwestern region of the state. Practice specialty also varied. Whereas 11 practices were in family practice, 9 were specialists (psychiatry: 6; pain management: 2; obstetrics and gynecology (OB/GYN): 1), 3 were based in addiction-treatment agencies, and 5 in federallyqualified health centers (FQHCs). Though not required, all members of a practice team were asked to attend sessions because buprenorphine patients engage not only the physician but also his/her nurses, support staff, and behavioral health clinicians. In some cases, the physicians wanted to send staff members, but not attend themselves, whereas in other instances, physicians wanted to attend without including staff. We maintained that a full clinical care team was necessary to achieve the learning collaborative goals and encouraged practices to send a representative from each discipline. In total, 34 physicians attended the learning collaborative sessions, along with 100 nurses, medical assistants, office support staff, and behavioral health clinicians.
Developing the OBOT Learning Collaborative Approach
A scientific leadership group composed of 3 physician providers, 2 state regulatory authorities, and 2 addiction treatment and research experts who drafted a set of recommended practice guidelines and QI measures for OBOT in Vermont. Specific, pragmatic, and measurable guidelines were drawn from the research literature, existing documents from the Substance Abuse and Mental Health Services Administration (SAMHSA), and the pharmaceutical company recommendations (SAMHSA, 2004; Reckitt Benkiser Pharmaceuticals, 2014) . In collaboration with Vermont state agency officials from the Department of Vermont Health Access and the Alcohol and Drug Abuse Programs, 2 of the study authors organized the curriculum and recruited physician practices. The learning collaboratives were led and facilitated by a practicing addiction psychiatrist with expertise in managing a buprenorphine clinic, along with a clinical research psychologist with expertise in integrated care models and learning collaboratives. Participants obtained level 1 continuing medical education credits (CMEs) for every hour of involvement in the learning collaborative, including in-person and teleconference sessions. Because attendance at the learning collaborative sessions and data collection were completely voluntary and focused on QI at the practice level, informed consent of the practice physicians and staff was not required.
OBOT Learning Collaborative Structure
In September 2012, 2 cohorts of learning collaboratives were launched, with 5 practices recruited from Southwestern Vermont, and 7 practices from Northwestern Vermont. In September 2013, a second cohort was launched with 6 practices in Southeastern Vermont and 10 in Central Vermont. At baseline, the recruited practices were treating more than 1400 buprenorphine patients in the state. Over 9 months, a total of 9 sessions were held for each of the 4 cohorts. Sessions alternated between 3-hour face-to-face sessions (5) and 1-hour teleconference webinars (4). Each cohort attended didactic lectures, engaged in case presentations, collected common QI data, and shared these data and practice-improvement strategies at the sessions.
An experienced panel of local prescribers and MAT providers recommended specific CME topics for the didactic component. These topics were: assessing patients for appropriateness for buprenorphine; treatment planning (induction, maintenance, tapering); treatment response monitoring (toxicology and pharmacy database monitoring); challenging behavioral issues; and coordination of care with other healthcare providers and the criminal justice system.
Procedure
This study used a single group, repeated-measures design. Data were collected bimonthly (mo 2, 4, 6, and 8) over 8 months. Cohort A collected and reported data from October 2012 through June 2013. Cohort B collected and reported data from October 2013 through June 2014. Practices collected baseline data on all active buprenorphine patients as of October 1 of 2012 and 2013, respectively. During months 4, 6, and 8, data were gathered on the baseline patient panel and any newly inducted buprenorphine patients, minus any patients who were discharged or left the practice. Therefore, data were collected at the practice level to assess change within the practices over time. Since change was measured at the practice level, individual patient data were not identifiable and contained no protected health information. As practices reported data that were already collected as part of patients' practice records, the QI learning collaborative was exempt from internal review board (IRB) monitoring as per 45 CFR 46.
OBOT QI Measures
The research team provided each practice with a 1-page chart audit tool to record the results of each QI measure. All QI measures were dichotomous. Practices examined all active buprenorphine patients for each QI measure during the collection period. Then, practices reported the percent of patients to meet criteria for each QI measure during the current data collection time interval. For every measure, the denominator of the aggregate data was the number of all active buprenorphine patients enrolled in all practices involved in the learning collaborative, which varied during each data collection period. The QI measures are described below.
1.
The percent of patients for whom a diagnosis of an opioid use disorder is documented. The purpose of this measure was to ensure only patients meeting diagnostic criteria were prescribed buprenorphine, and to minimize prescribing to those seeking the medication for diversion or misuse.
2.
The percent of unstable patients seen weekly. We developed a behavior-specific 8-item checklist specifically for the learning collaborative (OBOT Stability Checklist [OS Checklist]; available upon request) as a practice improvement aid to determine acuity and stability in addiction severity, social-environmental problems, and treatment compliance. Indicators of instability include missed appointments, reports of stolen or lost medication, self-reported illicit substance use, and positive urine drug screens. For patients who had 1 or more indicators of instability, more frequent contact and shorter-term prescriptions were indicated. Although not required, practices were encouraged to use the OS Checklist to identify unstable patients. Some practices utilized their own method of identifying unstable patients; those methods were not reported to the learning collaborative.
3.
The percent of patients prescribed more than 16 milligrams (mg). Acting out of a desire to reduce buprenorphine diversion, state officials requested tracking the percent of patients receiving more than 16 mg of buprenorphine daily. Although the science is unsettled regarding the matter of optimal or maximum daily dosing, based on the research literature and meta-analyses, the maximum recommended daily dose was set at 16 mg to reduce diversion. Dosing was not capped at 16 mg, but higher doses required clinical review by clinicians employed by the state government.
4.
The percent of urine drug screens analyzed at least monthly. Urine drug screen monitoring is routine in specialty addiction treatment programs, but is not typically utilized in primary care. The clinical benefits of urine drug screens include objective monitoring of medication compliance (and possible diversion), other substance use (eg, cocaine, benzodiazepines), and increased patient accountability.
The percent of patients for whom the state prescription monitoring system was accessed at admission and quarterly thereafter. The Vermont Prescription
Monitoring System (VPMS) is a statewide web-based system that provides pharmacy data on a patient level. By accessing the VPMS, practices were able to view all prescriptions filled at pharmacies within the state. This allowed buprenorphine prescribers to know whether a patient had recently filled a prescription for medication that was potentially harmful in combination with buprenorphine. It also allowed providers to investigate whether a patient was using illicit medication or filling prescriptions for buprenorphine earlier than was intended by the prescriber.
6.
The percent of patients continuing in care for at least 6 months. Although there is no specific scientific evidence on the indications for the duration a patient might benefit from buprenorphine, this benchmark was set to establish a measure of acceptable retention (Thomas et al., 2013 , Center for Substance Abuse Treatment, 2005 . This measure was also designed to encourage patients and physicians to avoid repeated induction phases, which are both costly and associated with increased risk for relapse. Practices identified patients from their panels who began MAT 6 or more months ago, and then indicated the percent of those patients who were currently continuing in treatment.
7.
The percent of patients for whom comanagement of other substance use disorders, mental health disorders, or primary care is documented. This measure examined the proportion of patients referred for additional mental health or specialty care. As specialty care was not necessary for all patients, the denominator of this measure only included patients with specialty care needs, such as mental health diagnoses or untreated chronic health conditions. Practices were encouraged to comanage care with local providers. For primary care practices, this measure encouraged the coordination of care with specialty behavioral health providers for patients in need of additional services. For psychiatry practices, this measure encouraged coordination of patient care with primary care, OB/GYN, infectious disease, or other specialist practices. To meet this QI measure, practices had to have documentation in the patient's medical record of both the referral and ongoing contact with the comanaging provider. If patients received specialty care within a primary care practice, we also considered this to be a referral.
8.
Number of patients prescribed buprenorphine. Although not a formal quality measure, we hypothesized that with increased clinical support and self-efficacy, physician practices may take on more patients with opioid use disorders.
Statistical Analyses
The QI measures data were gathered on site by each practice. No other patient or practice data were collected. Deidentified practice-level data were then transferred to Dartmouth for analysis. Descriptive statistics (frequencies and percentages) were used to aggregate the data by practice and in total. Standard deviations were used to identify variation within measures at each time point. Bivariate logistic regression models were used to investigate whether statistically significant changes occurred in adherence to the QI measures between the first and final data collection periods. Unlike usual logistic regression which use binary outcome data at the individual level, we conducted logistic regression analysis using aggregated data, that is, the numerator and denominator used to compute the aforementioned percent using an "event/trial" type of syntax (Allison, 2012) . For instance, the percent of unstable patients seen weekly was computed as the number of unstable patients seen on a weekly basis divided by total number of unstable patients.
Statistical process control p-charts were also created to examine and track changes in QI measures (Duclos and Voirin, 2010) . Variable control limits were used, as sample sizes changed over time. Points falling above or below the control limits were considered special cause variation, and indicated a potentially significant change. For cross-validation of findings, both the logistic regression and p-chart approaches were used to test for convergence in statistically significant change by measures over time. SAS software was used for statistical analyses (SAS Institute Inc, 2006).
Results
Twenty-eight practices were recruited and 24 (85.7%) attended all in-person and teleconference sessions. Twenty-two (78.5%) practices gathered and shared QI data. Among only those practices who attended any learning collaborative sessions, 91.6% (22 practices) gathered and shared QI data. Across the 2 cohorts and 4 learning collaborative groups, there were no obvious variations in learning collaborative continuation (χ 2 [3, N = 28]= 3.27, P = 0.25) or in data reporting (χ 2 [3, N = 28] = 5.35, P = 0.15; see Fig. 1 ).
As depicted in Figure 2 , there was considerable reduction in practice variation across all 7 QI measures, as measured by standard deviations. There was nearly a 50% reduction in variation from month 2 to month 8 in the percent of patients with documented opioid use disorder and the percent of patients getting monthly urine drug screens. Variation in the percent of unstable patients seen weekly, specialty care comanagement, patients continuing care for 6 months, and doses over 16mg was reduced by roughly 30%. Contrary to our hypothesis, there was only a slight (3.4%) increase in patient volume (1493 to 1544) across all practices reporting data.
Based on results of logistic regression analysis, the practices had statistically significant improvements on 4 of the QI measures (Fig. 2) . Compared with the initial data collection period, there was a 3-fold increase in the odds of having opioid use disorder documented in patient charts during the final data collection period (odds ratio [OR] 3.55; 95% confidence interval [CI], 2.92, 4.32). There was also a 3-fold increase in the odds of seeing unstable patients weekly during the final data collection period, compared with the initial collection period (OR 3.10; 95% CI, 2.28, 4.22). The practices were also more likely to perform monthly urine drug screens (OR 2.57; 95% CI, 2.11, 3.12) and access the state prescription monitoring system quarterly (OR 4.50; 95% CI, 3.78, 5.36) at the final data collection period. Changes in the likelihood of specialty care comanagement (OR 1.18,; 95% CI, 0.92, 1.52), 6-month patient retention (OR 0.85; 95% CI, 0.56, 1.30) , and prescribing over 16 mg of buprenorphine (OR 0.82; 95% CI, 0.64, 1.07) were not statistically significant.
The p-chart analytic approach suggested that the percentages of opioid use disorder diagnosis documentation, monthly urine screens, unstable patients seen weekly, and state prescription drug system monitoring increased significantly from baseline to 8 months. No special cause signals were present in the p-charts tracking other outcomes. Thus, both statistical approaches converged to find the same four QI measures statistically significant.
Discussion
Much as variation is often found in clinical practice, variation in the real world application of implementation strategies is common (Proctor et al., 2013; Powell et al., 2014) . Whereas the Institute of Healthcare Improvement (IHI) recommends 18-sessions for a learning collaborative approach, the 9-session duration of our learning collaborative was 50% of the recommended dose. Nonetheless, despite this abbreviated timeline, high levels of participation and significant practice changes were found. Eighty-six percent of recruited practices attended all teleconference and face-to-face sessions. Only 6 of the 28 recruited practices ultimately did not collect QI data. This level of commitment was impressive for practices located in distant, rural regions. On the QI data, statistically significant improvement occurred on 4 of the 7 QI measures. The percent of patients with opioid use disorder diagnosis documented in charts increased, and practices became more likely to access the prescription drug monitoring system. Improvements also occurred in the percent of unstable patients seen weekly and the percent of patients receiving monthly urine drug screens.
Importantly, practice variation decreased on all measures over time. Practice variation in documenting opioid use disorders and administering monthly urine drug screens decreased by half, whereas variation in the proportion of patients receiving specialty care comanagement and 6 months of continuous care decreased by a third. Practices were also more consistent about seeing unstable patients weekly. Therefore, practices became more uniform in adhering to these best practice guidelines after participating in the learning collaborative. The modest increase in patients prescribed the medication during the relatively short interval was less than expected, as patient volume only increased by 3.4%. However, it is possible that these numbers may simply be slower to rise.
There are several limitations to this study. Because we were unable to collect data after the first year of the learning collaborative, we had no data on changes in measures during the second year. This also prevented us from using the first cohort as a contemporaneous control group, against which to compare the second cohort. As a result, we cannot say whether the trends we observed in improved care and reduced practice variation were secular, or a result of our learning collaborative intervention. In addition, given the nature and scope of our data collection, we could not control for clustering of providers and patients. Provider experience also was not assessed in this study. Providers may benefit by overcoming isolation and selfdoubt by engaging with other physicians and teams, and might also develop increased selfconfidence in the practice of addiction medicine. Future research should examine how learning collaboratives might impact these outcomes. Finally, some of the patients included in the 4, 6, and 8-month QI data were also included in the baseline group, whereas some were not. Thus, the observations for some individuals may be independent, which may therefore somewhat inflate the results of the logistic regression models. Despite this, the results of the p-chart analysis were consistent with results of the regression models, providing additional support for our findings.
Conclusions
There is an overlap between traditional QI and strategies that have been derived from the new field of implementation science (Mittman, 2004) . QI approaches such as Lean and SixSigma include aspects of industrial engineering and a detailing of workflow and work process relative to enhanced efficiency and achieving targeted objectives. Focused awareness and measurement of processes and outcomes are core to systematic quality improvement approaches in health care. An exemplar learning collaborative is the Northern New England Cardiovascular Study Group, which assisted interventional cardiologists in significantly decreasing mortality and infection rates across geographically dispersed hospital surgical and operating room teams (O'Connor et al., 1996) . This learning collaborative approach, like the one used in the present project, had a significant impact on practice variation. Using common data gathered across practices, and having high outcome performers share their clinical strategies, workflow and work processes with the group had a dramatic useable impact on the other practices. Unlike many QI approaches, the learning collaborative model is not top-down, not driven by research-based findings exclusively, but rather draws upon systematic evidence and the practice-based experience and reciprocal feedback of frontline practitioners. In our project, the learning collaborative capitalized on a commitment to address a complex clinical problem (prescribing a medication and managing addictive disease), within diverse and highly motivated practice teams. To date, there has been no systematic study of an implementation strategy or QI approach specifically for OBOT.
Results of the present study demonstrate that the learning collaborative method is feasible and beneficial to reduce practice variation and improve care for opioid-dependent patients prescribed buprenorphine. When considering the challenges of a rural region with geographically dispersed practices separated by mountains and by inclement weather during winter months, the level of participation and engagement was remarkable. A learning collaborative approach may be especially effective for dispersed providers and their teams who are experienced, but are wrestling with complex clinical presentations. Given that opioid addiction persists and is increasing, patient access is limited, and physician capacity and care quality vary widely, the learning collaborative model may be worthwhile for other systems, states, and regions to consider. 
